interactively transmit sound-induced vibrations between the mechanical elements of the cochlear partition ( Figure  1A ). For this to happen, the mechanical impedance of the OHCs has to be matched to that of the surrounding mechanical elements of the cochlear partition [2] . We report measurements from homozygous prestin knockout (KO) mice, which have compliant OHCs devoid of prestin [4] , homozygous prestin 499 knockin mice, which have stiff OHCs populated with non-motile prestin [5] , and wild-type (WT) mice (stiff, motile OHCs). We have tested the hypothesis that prestin, acting as both a motile and structural element of OHCs, is essential for power amplification [6] and mechanical coupling of BM vibrations to the organ of Corti and, ultimately, for auditory sensation.
Given that both prestin KO and prestin 499 mice suffer significant loss of OHCs (at least from 28 days post partum [4, 5] ) from the basal turn of the cochlea (the locus of our measurements), we made electrical and mechanical measurements only from 17-21-dayold mice. In these mice OHCs in the basal turn of the cochlea are viable and perform mechano-electrical transduction as indicated by the recording of compound receptor potentials (cochlear microphonic, CM) at the roundwindow membrane (see Supplemental Experimental Procedures). Roundwindow CM is dominated by receptor currents from the basal turn OHCs [7] . CM as a function of stimulus level is not significantly different between WT and prestin 499 littermates ( Figure S1 in Supplemental Information) and WT and prestin KO littermates [4] in 17-21-dayold mice in response to 10 kHz tones. 10 kHz is about two octaves below the frequency range of basal turn OHCs; the OHC responses were therefore not subject to significant amplification [8] .
An indication of the roles of prestin in amplifying and relaying mechanical responses between the BM, OHCs, and IHCs was obtained from measurements of BM mechanical responses to acoustic stimulation and compound action potential (CAP) threshold audiograms measured from the round window (see Supplemental Experimental Procedures, Figure S1 ). BM iso-displacement, frequency-tuning curves were obtained from WT mice ( Figure 1B) The sensory hair cells of amniote hearing organs are usually distributed in tonotopic array from low to high frequencies and are very sensitively and sharply tuned to acoustic stimulation. Frequency tuning and tonotopicity of non-mammalian auditory hair cells is due largely to intrinsic properties of the hair cells [1] , but frequency tuning and tonotopic organisation of the mammalian cochlea has an extrinsic basis in the basilar membrane (BM); a spiralling ribbon of collagen-rich extracellular matrix that decreases in stiffness from the high-frequency base of the cochlea to the low-frequency apex [2, 3] . Sensitive frequency tuning is due to amplification, which specifically boosts low-level input to the mechanosensitive hair cells at their tonotopic location to overcome viscous damping [1] [2] [3] . In non-mammalian hearing organs, at least, amplification is attributed to calcium-mediated hair bundle motion [1] . In the mammalian cochlea, amplification is the remit of the sensory-motor outer hair cells (OHCs), located within the organ of Corti to exercise maximum mechanical effect on the motion of the BM and transmit cochlear responses to the adjacent sensory inner hair cells (IHCs) and, consequently, to the auditory nerve [1] [2] [3] (Figure 1A ). OHCs behave like piezoelectric actuators, developing forces along their long axis in response to changes in membrane potential [2] . These forces are due to voltagedependent conformational changes in the motor molecule prestin, which is densely distributed in the OHC lateral membranes [2] .
Here we consider roles for prestin in harnessing the BM as the source of cochlear frequency tuning. The OHCs might be considered as active struts in the complex cellular architecture of the organ of Corti. The tubulin-packed cytoskeletons of the supporting cells behave as structures that are distorted by changes in OHC forces to the characteristic frequency (CF) of the measurement location. The tuning curve tips became broadened, desensitized by 20-30 dB SPL and moved to lower frequencies post-mortem.
BM iso-displacement, frequencytuning curves recorded from the cochleae of prestin KO and 499 mice, at BM spatial locations similar to those made from WT mice, were very broadly tuned, with minima shifted by about a half octave to ~45 kHz and did not change significantly after death ( Figure 1C ). The sensitivity of BM tuning curves measured from prestin KO mice, which is similar to that of WT mice, is attributed [4] to a reduction in mechanical coupling of the BM to other elements of the cochlear partition as a consequence of the greatly reduced axial stiffness of the OHCs [5] . Axial stiffness of OHCs of the prestin 499 mice are indistinguishable from those of WT mice [5] and the sensitivity of the BM tuning curves of these mice is similar to that of the post-mortem tuning curves of WT mice, as might be expected from a critically damped cochlea without amplification [3] . The significance of OHC axial stiffness for mechanically coupling the BM to other elements of the cochlear partition can be deduced from the close correspondence between CAP threshold audiograms ( Figure 1D ) and BM iso-displacement thresholds for frequencies at the tip of the tuning curve for WT and prestin 499 mice, but not for prestin KO mice, where coupling between BM vibration and IHC excitation is weak [4] (see stars representing CAP threshold at BM characteristic frequencies, Figure 1E ). BM responses to frequencies more than one octave below the CF of the tuning curve, where BM motion is passive [3] , are up to 20 dB more sensitive in prestin KO mice than in WT and prestin 499 mice ( Figure 1C,E) ; a strong indication that the cochlear partition of prestin KO mice is more compliant. This conclusion is supported by measurements of the phase of BM motion relative to that of the middle ear in response to highlevel (80 dB SPL) stimulation, when BM motion is governed by passive forces [3] . Travelling waves along the BM in response to tones with frequencies well below the CF are stiffness dominated [3] . Changes in the phase angle with increasing frequency are expected to be smaller in this frequency region for faster travelling waves propagating along a stiffer cochlear partition, as indeed is the case for both WT and prestin 499 mice for frequencies between 10 and 30 kHz ( Figure 1F ). Over the same frequency range, BM vibrations measured from prestin KO mice lag by around two cycles ( Figure 1F ), providing further indication that the cochlear partition of prestin KO mice is more compliant than that of WT and prestin 499 mice.
We conclude that prestin evolved in the mammalian cochlea to provide the basis for the amplified, impedance-matching mechanical link that enabled the OHCs of the organ of Corti to devolve responsibility for frequency tuning to the potentially enormous frequency range of the graded mechanical properties of the BM. In this scenario, prestin provides the rapid, voltage-dependent conformational changes that amplify and closely couple the movements of the BM to those of the OHCs, as part of a mechanosensory feedback loop, and the essential mechanical link between the movements of the BM and the excitatory shear of the IHCs [4, 9] . Prestin is therefore the key molecular element that has enabled the organ of Corti of the mammalian cochlea to exploit a mechanicallytuned extracellular matrix to provide mammals with the enormous apparent benefit of being able to listen to frequencies way beyond the auditory ranges of other amniotes [10] . 
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